Chapter 5

The Architecture of Stream Buffers

Introduction

This chapter emphasizes the importance of
protecting key naturd aress at the development
gte This is done by ddineating these areas and
protecting them within a buffer sysem. This
chapter provides detailed guidance on how to
dedgn and mantan effective buffer sysems
within a community.

Three primary aguatic areas provide the
foundation for the buffer sysem. They include

the shoreline of a lake or estuary, a delineated
wetland, or a stream channd. Some of the
commonddinestion criteriafor each aguatic area
areshownin Table 21.

Additiona buffer width can be reserved around
aquatic areasto providefurther protection. These
buffer areas may include senstive habitats, steep
dopes, floodplains and other important resource
areas. The width and uses of the buffer zonedso
depend to some extent on the kind of aguatic

areabeing

TABLE 21. DELINEATION CRITERIA FOR SHOREL INE, WETLAND AND STREAM BUFFERS

BUFFER TYPE

SHOREL INE BUFFER

STREAM BUFFER

WETLAND BUFFER

Delineation

Main Objectives:

Separation of land
development from aquatic
areas, pollutant removal

Preserve stream ecol ogy,
prevent flood damage and
bank erosion, habitat

Prevent wetland disturbance

Width varies by: Water use class or Stream order, and adjacent Size, typeand
designation of lake or estuary | slopes quality of wetland

Measured from: Mean high water or high tide Bank or stream centerline Edge of field delineated
line wetland

Stormwater Bypass or treat Bypass, but some limited Avoid direct

management treatment entry

View corridors Important Seldom important Seldom important

Access Water-dependent Restricted Prohibited

Median Width (from Heraty, | 75 ft. (Iake) 50 ft. (ocean) 88 ft. 100 ft.

%)

Each type of buffer - shoreline, stream and wetland - are different in their design objectives
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considered for protection (see Table 19).

The remainder of this chapter explores the
architecture of a buffer system, with a strong
emphads on how buffers can be applied to
protect urban dreams. With some subtle
refinements, the same basic approach and
concepts can aso be gpplied to shorelines and
wetland aress.

Some Buffer Geometry and Terminology

To design an effective sream buffer system, it is
important to understand spatial  connections
between the stream and its watershed. A
network of streams drain each watershed.
Streams can be classified according to their order
in that network (Fig. 21). A stream that has no
tributaries or branches is defined as afirst—order
stream. When two firg—order streams combine
together, a second-order stream is created, and
S0 on. Headwater streams are defined asfirst—
and second—order streams. Although they are
short in length and drain reatively smdl aress,
these headwater streams comprise of roughly
75% of the total stream and river mileage in the
United States (see Table 22).

The next key concept isdrainage density or the
length of stream channd per unit area. A region
with steep topography, poor cover, and less
permeable soils tends to have more stream
mileege than a region with less rdief and more
permeable soils. Geomorphicresearchhasshown
that drainage density is remarkably constant
within the same physiographic region. Thus, for
much of the eastern US, a one-square-mile
watershed often hasatota stream channe length

of 1.4 miles (range 1.0-2.5).

Determining where a firg—order stream actualy
beginsinthelandscapeisnot an easy maiter. This
is due to the complicated path that runoff follows
to reach a sream channd. The totd distance
from the ridgetop (or watershed divide) to the
gream channd is known as the overland
flowpath (Fig. 22). Typicdly, this disance
ranges from 750 to 1,500 feet in many regions of
the country. Runoff begins as “sheet flow’—the
flow is very shdlow and spread uniformly over
the land surface. Very quickly, however, this
uniform flow concentrates to form shallow and
thenprogressively deeper channels, usudly within
300 feet of the ridgetop (Ferguson and Debo
1991). These channels only have running water
during storm events and ae known as
intermittent channels.

At some point further downstream, groundwater
supplies running water to the channe on a
year—found basis—these Streams areperennial.
The trandtion from intermittent channe to
perennia stream is not fixed. Indeed, it often
moves up or downstream from season to season
and year to year, in response to changes in the
locd water table.

The cross—sectiond area of a perennia stream
channd fixes that stream’s capacity to convey
runoff. Typicaly, an undevel oped stream channd
can fully accommodate the peak discharge from
atwo—year stormevent, but nomore. Whenthe
peak discharge rate exceeds the two-year storm
event, runoff volume exceeds the capacity of the
channd and must
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FIGURE 21: STHEAM ORDER CONCEPT
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Stream order is a useful tool to classify the many elements of the stream network.

TABLE 22: PROPORTION OF NATIONAL STREAM AND RIVER MILEAGE INHEADWATER STREAMS

Stream Number of streams Total Length of Mean Drainage
Order* Streams, miles Area(sg. miles) **
1 1,570,000 1,570,000 1.0
2 350,000 810,000 4.7
3 80,000 420,000 23
4 18,000 220,000 109
5 4,200 116,000 518
6 950 61,000 2,460
7 200 30,000 11,700
8 41 14,000 55,600
9 8 6,200 264,000
10 1 1,800 1,250,000
Total 2,023,400 3,250,000 N/A
* stream order based on Strahler method, analyzing maps at a scale of 1:24,000.
** cumulative drainage area, including tributaries.

Note: 75% of the total stream and river mileagein the country isin either first or second order streams
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FIGURE 22: THE OVERLAND FLOW PATH TO A STREAM
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The distance between the ridgetop and the stream is known as the overland flow path. Even in undisturbed
water sheds, flow tends to quickly concentrate over a short distance (plan view, panel A). In urban water sheds, flow
tends to concentrate even more quickly, requiring stabilization of the intermittent channel (panel B).

Fill over the barks into the edjaoat floodplain on
eéther dde of the dand (Fig 23). By conveartion, the
aea ad haght o the flooddan is ddined usng the
100~year dorm evat. The rundif from this evat is
deamined fran the maxinum rarfdl thet hes a
prabehiility of oocuning onceevary 100 years Thewidth
d the flooddlan tends to be narower in heedwater
dreams and much broeder in higher order dreams and
rvas

A devdoped watershed hes aremakady gredter rate
and vdume of rundff for a gven gom evant then an
undevedoped one (df Chepter 2). As a conseguance,
bath the aross-sediond area of the dream channd and
thedevation of the 100—year floodplain (areaimmearsd

auing the 100-year flood) are incressad In more
pradicd tams the sream dhannd eodes; becoming
wider andlor degpa. Duing exramefloods alarger land
aeaissyet toflooding ater devdagpment (sseFHg. 23).
The svaity of the reponse is a diredt fundion o the
anout o impervious cover thet is aeded in the
watashed.

The geomdry of dreams and thar flooddansis fomed
by rarfdl and runaff. After devdlgomant, morerarfdl is
trandaed into rundff, and thegeomery of bath thedream
and the flooddlain chenges A dear undarstanding of the
dynamics o these vaiddes is essatid in desgning an
dfedtive dreem buffer sheme
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FIGURE 23: THE STREAM AND ITSFLOODPLAIN, BEFORE AND AFTER DEVELOPMENT
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The increase in the peak discharge rates following urbanization shifts the elevation of the 100 year floodplain
upward, which may put more property and structures at risk. (Source: Schueler 1987).

Benefits of Forested Stream Buffers

A wideforest buffer isan essential component of
any local stream protection strategy. Its primary
vaueisto physicaly protect the stream channedl
from future disturbance or encroachment. A
network of buffers act as the right—of—way for a
stream and functions as an integrd part of the
stream ecosystem. But a stream buffer aso
provides many other important benefits that
contribute to the qudity of the stream and the
adjacent community. Themany benefitsof stream
buffers are summarized in Table 23. In many
regions, these benefits are amplified when the
sreamside zone is kept in a forested condition.
Recent research indicates that forested stream
buffers provide the following benefits

1. Reduced watershed imperviousness

The use of stream buffers canindirectly reducea
gte’ simpervious cover in severd ways. To begin
with, land within the stream buffer network
cannot be developed, and thus will not have
impervious cover. How much land does the
stream buffer network consume? This question
can be answered at the landscape scale by
examining thedrainagedengty rdaionship. Inthe
East Coadt, for example, a watershed with a
drainage area.of one square milewill have atota
stream channdl length of about 1.4 miles, on
average.
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TABLE 23: BENEFITS OF URBAN STREAM BENEFITS(f, BENEFIT AMPLIFIED BY OR REQUIRESFOREST COVER)

1. Reduces water shed imperviousnessby 5%. An average buffer width of 100 ft protects up to 5% of watershed area from future development.

2. Digances areas of impervious cover from the sream. More room is made available for placement of BMPs and septic system performanceis
improved.(f)

3. Reduces small drainage problems and complaints. When properties are located too close to astream, residents are likely to experience and complain
about backyard flooding, standing water, and bank erosion. A buffer greatly reduces complaints.

4. Sream “right of way” alowsfor lateral movement. Most stream channels shift or widen over time; a buffer protects both the stream and nearby
properties.

5. Effetive flood contrd . Other, expensive flood controls not necessary if buffer includes the 100-yr floodplain.

6. Protection from streambank erosion. Tree roots consolidate the soils of floodplain and stream banks, reducing the potential for severe bank erosion (f)

7. Increasss property values. Homebuyers perceive buffers as attractive amenities to the community. 90% of buffer administrators fed buffers have a
neutra or positive impact on property vaues. (f)

8. Increasad pallutant removal . Buffers can provide effective pollutant remova for development located within 150 feet of the buffer boundary, when
designed properly.

9. Foundation for presant or future greenways. Linear nature of the buffer providesfor connected open space, alowing pedestrians and bikes to move
more efficiently through acommunity. (f)

10. Providesfood and habitat for wildlife. Lesf litter is the base food source for many stream ecosystems; forests also provides woody debris that creates
cover and habitat sructure for aguatic insects and fish. (f)

11. Mitigates sream warming. Shading by the forest canopy prevents further stream warming in urban watersheds. (f)

12. Protection of assodated wetlands. A wide stream buffer can include riverine and paustrine wetlands thet are frequently found near streams.

13. Prevent disturbance to segp dopes. Removing construction activity from these sengitive areas are the best way to prevent severe rates of soil erosion

N

14. Preservesimportant terresrial habitat. Riparian corridors are important transition zones, rich in species A mile of stream buffer can provide 25-40
acres of habitat areaq(f)

15. Corridorsfor conservation. Unbroken stream buffers provide “highways’ for migrations of plant and anima populations.(f)

16. Essntial habitat for amphibians. Amphibians require both agquatic and terrestria habitats and are dependent on riparian environments to complete their
lifecyde(f)

17. Fewer barriersto fish migration. Chances for migrating fish are improved when stream crossings are prevented or carefully planned.

18. Discour ages excessve gorm drain enclosures/channe hardening. Preventsincreasesin runoff from impervious cover and subsequent eroding or
overflowing of heedwater streams.

19. Provides space for sormwater ponds. When properly placed, structural BMPs within the buffer can be an idedl location to remove pollutants and
control flows from urban aress.

20. Allowancefor futureregtoration. Even amodest buffer provides space and access for future stream restoration, bank stabilization, or reforestation.
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If a 100t wide stream buffer is reserved on

each sde of the channd, then the buffer would

consume about 34 ac or about 5% of the total

watershed area. If the zoning dengty was fixed,

this would reduce impervious cover by a like
amount. Whilethisrepresentsamodest reduction

in total imperviousness a a dte, it can be
combined with other techniques to achieve a
sgnificant watershed reduction.

The second way that stream buffers reduce
imperviousnessisby forcingamoreclustered and
compact development pattern. The linear nature
of the stream buffer, dong with the limitations on
roadway crossings, makeit nearly impossble to
use traditiona roadway networks that creste
needless imperviousness area. (see Chapter 6).
Shorter and more economical branching or
cul-de-sac road networks are often more
feasble resdentia sreet designs.

2. Distance from imperviousness to the
stream

A dream buffer is dso useful in that it increases
the distance from impervious areasto the stream.
This dlows more room to locate effective
sormwater BMPs, or to utilize innovative
sormwater conveyance systems, such as
bidfilters. In rurd aress, the separation distance
helps to improve the performance of on-ste
septic systems. The greater the distance that
subsurface septic system effluent mugt trave, the
greater the chance that soils and plants will
remove harmful bacteria and nutrients.

3. Reduce small drainage complaints

Probably the most frequent complaintsfielded by
locd public works agencies concern small
resdentidl drainage problems—backyard
flooding, streambank erosion, standing water,
clogged culverts and the like. The common root
of these problems is that property is smply
located too close to a stream. By reserving a
forested buffer that creates more distance
betweentheresidentsand the stream, the number
of complaints should drop, giving much needed
relief to loca governments from this
time-consuming maintenance burden.

Forest buffers, particularly those with a deep
layer of organic matter, can have 10 times more
runoff storage capacity and infiltration capacity
than a grass or turf area (CBP 1993). This
“goongy” quadlity helps the buffer forests absorb
more runoff and should also help reduce drainage
problems.

4. Spaceinwhich streamscan movelaterally
over time

Inavery red sense, a buffer isthe right—of—way
for a dream, and dlows for the physcd
protection of the stream channdl.

Streamchannd location isnot constant over time.
Over the course of decades, the actua position
of the channel may wander back and forth across
thefloodplain (Leopold et d. 1964). Somelatera
movement of the siream can and should be
expected, even in undevel oped streams.
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In urban streams, the lateral movement becomes
more rapid and unpredictable. To begin with,
most urban stream channelshavenot yet adjusted
to the incressed frequency and rate of
sormwater runoff generated by upstream
development. It istherefore quite common for an
urban stream to double or triple channd width
before reaching a new equilibrium. Falen trees
from undercut banks can further accelerate the
process, resulting in localized widening as much
asfivetimesthe pre-devel opment channd width.

Clearly, the exigence of awide buffer gives the
urban stream the room to move lateraly or widen
over time, without threatening sructures or
developed property. When a stream is given
room to move, communities often spend fewer
dollars for expensve channd protection and
gtabilization methods that are required to keep a
channd in afixed place.

5. Effective flood insurance

Smadl sreamflooding isacommon occurrencein
urban areas, even during moderate storm events.
Floodwaters can extend far from the channd and
damage property and structures. However, when
the post-development 100-year floodplain is
wholly contained within astream buffer, therisks
of flood damage are gresatly reduced. Because
sructuresarekept away fromthefloodplain, they
do not need to be“floodproofed” with expensive
protective measures. Thus a stream buffer is an
effective form of flood insurance for acommunity
and conforms with federd flood insurance
requirements (FEMA).

In addition, the dedication of a buffer provides

for temporay dorage of floodwaters in
headwater streams (for extreme floods greater
than the two year event), thereby reducing the
height of the flood crest for downstream areas
(Karr and Schlosser 1978).

6. Protection against streambank erosion

A deep network of tree roots consolidate the
ils of the floodplan, meking them more
resistant to erosive forces of runoff. The shalow
roots of grass, on the other hand, provide little
resstance to bank eroson (Karr and Schlosser
1978). When deep tree roots are absent, the toe
of the streambank is very susceptible to rapid
eroson. The bank then begins to undercut, and
blocks of turf at the top of the bank begin to
dump into the channd (Sweeney 1993). These
eroded sediments are deposited in the channd,
where they can smother the existing siream
subgtrate. Also, deposited sedimentstemporarily
reduce the cross-sectional area of the channd,
thus leading to a new and more severe phase of
bank erosion.

7. Increased property values

Forested buffers create a more natura and
atractive sense of community. A nationa survey
of 36 dream buffer program administrators
indicated that stream buffers were perceived to
have ether a neutral or pogtive impact on
adjacent property values(Heraty 1993). Noneof
the respondents indicated that buffers had a
negeative impact on land vaue.

This finding is condgtent with numerous other
dudies that have found that greenways and
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buffers increase property vaues of adjacent
homes (Correl et al. 1978, Seattle Office of
Panning (1987) and Mazour (1988).

8. Increased pollutant removal

Urban dream buffers have the potentid to
remove pollutants that move through them, in
groundwater or sheet flow. Soils and vegetation
within the buffer act asaliving filter. Pollutantsin
stormwater settle out, adsorb to soil, or aretaken
up by vegetation. Performance monitoring studies
suggest that stream buffers can remove the
majority of sediment and trace metds that are
ddivered to them, as long as even and uniform
sheet flow is maintained across the outer edge of
the buffer. Remova of phosphorus and nitrogen
appears to be modest, and more unreliable (see
Table 28).

It isimportant to note that stream buffers cannot
be relied on as the sole urban BMP a most
development sites. Most of the runoff produced
in urban areas concentrates too quickly to be
effectivdy treated by a buffer, and other, more
gructurd, BMPs mugt il be ingdled (eg.,
sormwater ponds, wetland infiltrationor filtering
system).

9. A foundation for greenways

At the landscape scae, a buffer network
provides a connected system of open space that
canlink acommunity together. A buffer servesas
the foundation of a greenway tha can meet the
recreational needs of adjacent urban residents.
The greenway can containfoot trails, which alow
for easer pedestrian movement through the

community or to provide an opportunity for
nature enjoyment. Surveys by Adams (1994)
indicate that 58% of suburban resdents actively
engage in wildlifewatching and nature enjoyment
near their homes. Residents aso exhibit a keen
desreto live next to naturd areasand arewilling
to pay apremium for homeslocated next to them
(Adamset al. 1983)

Where the stream buffer is wide enough and
publicly owned, it can dso serve asthe site of a
bikeway tha links the community together.
Because bikepaths are impervious and require
clearing of vegetation, they should be carefully
located in the outer zone of a buffer.

10. Provision of food, cover, and stream
habitat

Riparian forests are anintegra part of the stream
ecosystem. Trees supply the stream with leef
litter, which conditutes the mgor source of
energy in headwater streamsin most parts of the
country. Leef litter and woody debris literaly
form the base of the food chain. Bacteria and
fungi colonize these packs of organic matter and
are in turn consumed by aguetic insects, which
are egten by other insects and fish. Thus the
annud leef fal supplied from aforested buffer is
the key energy source for every trophic levd in
the stream.

The adjacent forests also supply large woody
debris to the sream channd. These logs,
branches and twigs create more sructural
complexity within the channd and thus more
habitat area for aguatic insects. The woody
meaterid often formsnaturd debrisdamsthat help
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a headwater stream retain more of its nutrients
and organic matter. For example, Sweeney
(1993) noted that forested streams had 17 times
as much wetted benthic habitat area as
unforested streams. In addition, forested streams
had eight times as much woody debris and 38
times as much leef litter as unforested streams.
The presence of aforest buffer aso appears to
directly influence the qudity and the diversity of
the stream community. Both Steedman (1988)
and Sweeney (1993) have extensively
documented that a stream insect community
declinesintota areaand diversty whentheforest
cover islost.

11. Sream warming is mitigated

Mature forests provide shade that keeps stream
temperatures from risng during the summer
months. When the forest cover is removed, an
urban stream will invariably heat up by as much
as 5-10 degrees F (Greene 1950, Pluhowski
1970, Sweeney 1993, and Galli 1991). A
temperature increase of this magnitude can
serioudy threaten the survivd of trout and other
sdmonid fish species, as well, as well as some
sengitive aguatic insects, such as stoneflies.

12. Wetland protection
Wetlands often are the surface expression of

the underlying water table. Sometype of wetland
isamost awaysfound wherethewater tebleisa
or near the surface. Likewise, perennid streams
are also an expression of the water table where
it meets the lowest point in the loca landscape.
As such, streams are dmost aways associated

with certain types of riverine and paustrine
wetlands. Located near the stream channdl or in
the adjacent floodplain, these wetlands are often
forested and of high functiond qudity. Clearly, by
reserving a wide stream buffer, it is possible to
more systemdicaly protect these important
wetlandsfrom disturbance. In addition, extending
the buffer network beyond thelimitsof awetland
providesamore€ffectivetrangtion zonebetween
the wetland and upland urban aress.

13. Prevention of soil erosion from steep
dopes

Steep dopes and streams are often located near
each other, asthe stream has historically beenthe
erosional agent that creates sharp relief. Steep
dopes posethe greatest risk of sediment delivery
during congruction. The combinaion of
steepnessand proximity to thestream makethese
dopes the most susceptible areas for erosion a
any development site. Sediment loadsfrom these
areas can be exceptiondly high, even when the
best erosion and sediment control techniquesare
applied. Where stream buffers are expanded to
fully include al adjacent steep dopesand thereby
prevent their clearing and disturbance, they can
be a very effective component of an eroson and
sediment control plan.

14. Preservation of wildlife habitat

A continuousone—mile stream buffer that extends
100 ft outward on ether sde of the channd
preserves about 25 ac of contiguous stream or
riverine habitat. A stream buffer acts as a habitat
“idand,” a trangition zone between aquatic and
terrestrid environments. Most ecologists have
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concluded that the total number of species of
birds, mammads, reptiles, and amphibians, is
grongly related to the areaof ahabitat idand—as
it gets larger, more species are recorded.

Studies of wildlife diversty in urban habitat
idands suggest that a surprisng number of bird,
mammd and reptile species can be found in
contiguous habitat idand that are 25 ac or greater
in area (Table 24).

15. Creation of wildlife corridors

In addition to ther intringc vaue as wildlife
habitat, stream buffers aso creaste potentia
corridorsfor wildlifetravel betweenlarger habitat
idands in the urban landscape (e.g., urbanforest
preserves, natura wetland complexes,
stormwater wetlands and community parks).
Not only do stream buffers increase the
effective size of thetotal habitat idand, but they
provide source populations of organisms for
future recolonization. To be most effective, a
wildife corridor should be 300-600 ft wide
(Deshonnet et a. 1994).

16. Critical amphibian habitat

Amphibians have a terrestrid and aguatic life
cyde and require both habitats in close

TABLE 24: URBAN WILDLIFE SPECIESDIVERSITY ASA FUNCTION OF HABITAT ISLAND SIZE

Habitat | sland Size 5 10 20 30 40 50 75 100

acre acre acre acre acre acre acre acre
Woodland Birds* 13 21 27 29 31 33 34
Woodland Birds* 24 27 31 33 36 37 40 43
Woodland Birds* 14 21 29 33 36 38 43 46
Chaparral Birds 2.5 3.4 4.3 4.8 5.2 5.5 6.0 6.4
Land Vertebrates 14 21 33 42 51 59 76 95
Beetles 6.6 7.7 8.5 9.0 9.5 10.4 11.2
* Studies from three different eco-regions around the world

AsAdams (1994) dataillustrates, the number of bird, mammal and insect speciesincreasesasthe area of the“ habitat

island” increases
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proximity. Thusamphibian speciesarecommonly
found in greastest abundance within the stream
buffer zone. Tree frogs, sdamanders, spring
peepers, and other species create the diverse
musica chorus heard in the

Spring and summer riverine woods. Amphibians
appear to be undergoing aworld-wide declinein
abundance, particularly in urban and suburban
areas (Minton 1968, Cochran 1989). A number
of researchers have noted the importance of
stream buffers to support amphibian populations
in urban aress.

17. Barrierstofish migration are discouraged

Stream buffer programs regulate the manner in
whichthe stream channdl is crossed by highways,
utilities, and other linear development. When
utilized properly, a stream buffer regulation can
prevent the crestion of unintentiona barriers to
upstream fish migration, such as roadway
culverts, grade control structures, hardened utility
crossings and the like.

18. Excessivestormdrain enclosures/channel
hardening avoided

Headwater streams are exceptiondly vulnerable
to physicd diminationin urbanwatersheds. Once
impervious cover in thewatershed exceeds 30 to
60%, stormwater flow becomes so great that
many natural channels cannot withstand them
without severdy eroding or overflowing (cf
Chapter 2). As a consequence, many open
channels and headwater streams are enclosed in
storm drains to more quickly route stormwater
runoff off the Siteand prevent temporary flooding
of streets and parking lots.

Theloss of headwater streams can be striking. In
some highly developed urban aress, the mgjority
of headwater streams have been enclosed by
storm drains or hardened channels. While a
stream buffer may not fully protect an urban
stream channel from eroson (upstream BMPs
are gill needed), it may reduce the need for
costly bank and channd protection techniques.

19. Good sitesprovided for stormwater ponds

A buffer system providesan excellent framework
within which stormwater BMPs can be
integrated. Itisthe most effective and economical
place in the landscape to provide stormwater
quantity and qudity control. When carefully
located and designed, these ponds can maintain
the qudity of the stream and the buffer network.

20. Allowance for future restoration

Stream buffers are a prerequidte for future
watershed restoration. Most urban watershed
resorationists have discovered that the best
locations and opportunities for restoration
projects are dong the dream buffer. This
relatively narrow gtrip of land provides numerous
gtesfor riparian reforestation, access for stream
restoration projects, and many candidate
locations for ssormwater retrofit projects. At its
most fundamenta leve, the reservation of a
stream buffer enables a community to fix in the
future some of the migtakesit may have made in
the past. Without a pre-existing stream buffer,
such restoration is seldom possible.
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L ocal Experiencewith Buffer Programs

Communities have learned that they must go
beyond merdy drawing aline on a map during
the development review process. They must dso
actively manage and protect astream both during
the congtruction process and over time in the

changing landscape.

Our most detailed knowledge about the quality of
locd buffer programs comes from a detailed
nationa survey of 36 locd and state programs by
Heraty (1993) The responses from planners and
engineerssuggest that most locd buffer programs
could stand significant improvement in how they
are administered. Indeed, respondents in nearly
25% of dl programs surveyed have dready
recognized this need and have revisted ther
buffer programs to improve their effectiveness.
The survey results are supplied in Appendix B,
and some of the key findings are provided bel ow:

1. Buffer boundaries are largely invisible to
local gover nments, contractorsand residents.

Stream buffer boundaries may be drawn on
development plans, but they often become
invigble after the plans are gpproved. The survey
indicated that over two-thirds of al communities
that required buffers did not record their
presence on ther officid maps. Without buffer
maps, locd governments cannot systematically
ingpect or manage ther network of buffers. In
addition, lessthan hdf of al communitiesrequired
that the buffer boundaries be shown on
congtruction plans, such as clearing and grading
plans or erosion and sediment control plans. The
absence of buffer limits on condruction sage

plans increase the risk that contractors will
encroach upon or disturb the buffer during the
congtruction phase.

The survey aso reveded that 60% of property
ownerswere largely unaware of the boundary or
purpose of the stream buffer in thair community.
This ignorance could generaly be traced to the
lack of active notification by loca governments
about the boundaries of buffers to new property
owners.

2. Buffers are subject to extensive
encroachment in urban areas.

When boundaries are not well defined, buffers
become an urban “commons’ area, subject to
encroachment pressures from adjacent property
owners and other users. The pressures begin
during the congtruction stage, where abuffer may
be subject to illegd clearing and grading,
compaction of soils, tree damage from heavy
equipment, and sediment impacts due to poor
eroson controls elsewhere on the ste. Corish
(1995) notes that over 50% of communities
surveyed reported that Site clearing and grading
operations frequently do not protect preserve
vegetated areas, and that 25% of dl buffers are
materidly damaged during construction. Corish's
finding is comparable to Heraty's, indicating that
26% of jurisdiction report frequent buffer
encroachment during congtruction.

Encroachment pressures continue well &fter the
Site has been developed. Some indication of the
extent of these pressures can be gleaned from
Cooke's 1991 study of 21 urban wetland buffers
in the State of Washington (Table 25).
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TABLE 25: ENCROACHMENT PRESSURES ON URBAN
WETLAND BUFFERSIN WASHINGTON (COOKE 91)

Category of Disturbance % of Buffers
Disturbed

Dumping of Yard Wastes 76

Conversion of Natural Vegetation 100

into Lawn or Turf

Tree Removal 50

Evidence of Fertilizer Impact 55

Evidence of Stormwater Short- 28

Circuiting Buffer

Increased Dominance of 67

Invasive/Exotic Plants

Evidence that Buffer had been 5

Maintained

Trails Established in Buffer 29

Buffers Exhibiting Signs of 9%5

Alteration

Severely Altered Buffers (Not 43

Protecting Adjacent Wetland)

The buffers ranged in age from two to eight years.
Ninety—five percent of the buffers showed vishble
sgns of encroachment or disturbance, including
mowing, dumping of yard wastes, tree removadl,
tralls, and eroson. Those buffers located next to
resdential areas were often cleared of native
vegetation and replaced with lawns (often with
high fertilizer input).

3. Few jurisdictions have effective buffer
education programs

Thelack of awareness about stream buffersisnot
aurprisng sinceonly 15% of al programsmarked
or posted buffer boundaries. Usualy the only
natification given about the existence of buffers
was a one-time legd disclosure, such as
recordation on the property deed, languagein a
homeowner association charter, or a written
disclosure upon resde. Surprisingly, 47% of dl
buffer programs had no specific notification
program for individua property ownersat dl.

Increasingly, communitiesare experimenting with
new and innovative techniques to educate their
resdents about buffers, including pamphlets,
boundary markers, buffer waks, regular
homeowner'sassociationmeetings, andindividua
mantenance agreements. One promising
approach involves enliging resdents to plant
naive trees and shrubs in their backyards to
atract wildlife and save water. This
“bufferscaping” effort not only increasesthewidth
of the buffer, but actively involves interested
resdentsin the sewardship of the buffer and the
stream environment.

4. Allowable and unallowable uses are
seldom defined

In addition to the inexorable pressure from
adjacent land owners, a buffer planner must
reconcile what uses are to be alowed or denied
within the buffer zone. Potential uses are bike
tralls, footpaths, BMPs, utility crossngs,
campgrounds, athletic fieds, playgrounds,
gazebos, decks, streambank stabilization
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projects, pardld pipe sysems, and many others
(Table 26).

TABLE 26: ALLOWABLE AND UNALLOWABLE USES IN
THE STREAM BUFFER ZONE (SOURCE: HERATY 1993)

Use Allowed Denied
Footpaths 60 8
Utility line crossings 52 5
Water dependent uses 45 10
Bike paths 30 15
Stormwater BMPs 28 10
Home additions/decks/gazebos 10 55
Maintenance for flood control Often Allowed
Pumphouses Restricted
Sewage treatment plants Restricted
Golf Courses Restricted
Campground Restricted
Timber Harvesting Restricted
Hydropower Restricted
Roads/Bridges Restricted
Athletic Fields Restricted
Playground Equipment Restricted
Compost/Y ard Wasted Unrestricted
L andscaping Unrestricted
No Uses Permitted (30%)

No Uses Denied (15%)

Per centages of buffer programs that specifically allow

or deny a given use. The “Restricted” and
“Unredtricted” entries refer to other stream buffer
uses that are not commonly addressed in local
ordinances.

Many communities have revisted their stream
buffer ordinance to make better decisions on the
use of the buffer. In general, uses that create
impervious surfaces, require extensive clearing,
generate pollutants, or that can be located
elsawhere are not alowed (MWCOG 1995).
Uses that creste minimal or temporary changesto

the buffer, such as foot paths or stormwater
BMPs, or that cannot be located away from the
stream  (utility crossngs, water—dependent
access) are generaly alowed.

5. Few jurisdictions specified mature forest
as a vegetative target

Few jurisdictionsclearly pecify avegetativegod
of mature forest for their stream buffer program.
Heraty (1993) found that over two-thirds of dl
programs Smply required that pre-devel opment
vegetative cover be maintained, regardless of
whether it was trees, weeds, or turf. Indeed,
20% of dl buffer programs failed to specify any
vegetative god at al. Given the importance of
riparian forests in the ecology of headwater
streams, the adoption of a specific vegetative
target for the stream buffer would be wise.

6. Accuracy of buffer delineation seldom
confirmed in the field

L ocal programsencounter anumber of difficulties
in accurately ddineating buffer boundaries at
individua development dtes. For example,
Heraty (1993) reported that nearly 50% of the
buffer programs find that buffer widths are not
measured from an gppropriate baseline, or that
consultants do not properly expand the buffer
width to pick up floodplains, wetlands or critica
habitats specified in their ordinance. One-third of
the governments indicate that consultants fall to
draw buffer boundaries on dte plans or
congruction drawings, even when this has been
mandated. Some 30% of al respondents
indicated that they did not have the time or
resources to check thevalidity of the developer's
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buffer deinegtion on the plans a 4dl. It is
gpeculated that an even greater number failed to
confirm stream and buffer boundaries in the field.

Twenty percent of jurisdictions had no mechanism
to inform the contractor about buffer boundaries
during congtruction. On the positive side, Corish
(1995) reported that 75% of respondents did
ingpect the condition of the buffer a least once
after condruction had begun. In generd, locdl
governments consistently noted problems during
the congtruction stage. For example, respondents
reported that erosion control structures were not
properly maintained (67%), cleared aress were
poorly revegetated (56%), cleared dopes were
not adequately stabilized (44%), cleared land was
exposed for longer than the prescribed maximum
time period (44%) and that soils were heavily
compacted (28%). Indeed, only amere 18% of dl
juridictions surveysconcludedthat “ few problems
were encountered in implementation” (Corish
1995).

7. Most buffersremain in private ownership

The vast mgority of buffers (90%) remain in
private ownership after development (Heraty
1993). Access and use is soldly redtricted to the
property owner. In some subdivisons, the buffer
is consdered semi—private open space and is
dedicated to a homeowner association, which
manages the buffer and can control or restrict
access. Only 10% of dl communities require that
the buffer be public openspace, and dedicated to
the loca parks authority. In privately owned
buffers, useredrictionsare primarily speled out in
the property deed of record. A formd
conservation essement is utilized in only about

11% of cases.

Residents appear to broadly support privately
owned dream buffer programs in ther
community. Over 80% of locd governments
agreed with the statement “that a mgority of our
dtizens think that the community is better off
having stream buffers” and that the stream
buffers had a neutra (54%) or positive (40%)
influence on adjacent land vaues.

Thisis not to imply that buffers are popular with
dl resdents. A sampling of the mogt frequently
dted complaints about buffers from resdents
include:

G the buffer system gives Strangers access
to my backyard

G thebuffer isabreach of my property
rights

G accessdong the stream buffer is  denied

G vagrants and teenagers use the buffer
for illega purposes

G treesobstruct water or scenic views

G | amtaxed onland that | cannot develop

G huffers are asource of varmints, weeds,
ticks, feral dogs, etc.

G the process for adding decks, sheds,
gazebos is too redtrictive

G the buffer is in an ungghtly condition
during early stages of forest growth

G unfar to those who owned land prior
to the buffer law

By and large, resident complaints about stream
buffers are uncommon and can be directly
addressed through a concerted education
program to inform residents of the many benefits
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buffers provide, as well as clear enforcement of
trespassing laws. Interestingly, many communities
often receive an equa number of complaintsfrom
residents that demand better stewardship of the
buffer system.

8. The stream buffer program needs to be
responsive to the interests of the devel opment
community

Although the stream buffer system is not likely to
consume more than 5% of the land area of a
watershed (much of which cannot be developed
anyway becauseit isalso afloodplain, wetland, or
steep dope), it can consume a much larger
proportion of an individua development ste.
Clearly, the potentid exigisto generate complaints
about excessve regulaion and property right
iIssues. While only one community reported
developer complaints that sream buffers actudly
difled development activity (Heraty 1993), the
development community does express strong
concernsin severd aress.

G inflexible buffer ddineation

G inconssgtent application of buffer

guiddines

G lengthy approvd process

G logtlotsthat could have been developed

G extracodsfor development submittal

G buffer use are too redtrictive (e.g.,
stormwater BMPS are not allowed)

While the philosophica issue of property rights
infringement can never be satisfactorily resolved
for dl developers, locd governments are
encouraged to craft their programs to be
responsive to the economic needs of the
development community. After dl, the primary

purpose of the stream buffer programisto place
some distance between development and the
sream—and not to discourage development
from taking place.

Pollutant Removal Capability of Stream
Buffers

While an urban stream buffer provides many
impressve benefits, it must be emphasized that
they often have a limited capability to remove
pollutants bornein urban sormweter runoff. This
is a surprisng concluson for a number of
reasons. Firs, many communities have cited
pollutant remova as the key judtification for
edablishing buffer programs (Heraty 1993).
Second, high removal rates have been frequently
reported for forested buffers in rurd aress
(Desbonnet et d. 1994). Why, then, do stream
buffers have limited vaue to remove pollutantsin
sormwater runoff?

The primary reason relates to how flow reaches
the stream buffer in urban watersheds. Buffers
require the presence of sheet flow to be effective.
Once flow concentrates to form a channd, it
effectivdy short—circuits the buffer and no
trestment occurs. Unfortunaidy, flow usudly
concentrates within a short distance in urban
areas. It is doubtful, for example, whether
sheetflow conditions can be maintained over a
distance of:

G 150ft for pervious areas
G 75 ft for impervious aress

This congtraint sharply reducesthe percentage of
awatershed that can be effectively treated by a
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stream buffer. This can be illugtrated using the
drainage dengity example that was used earlier. If
we assume that (a) 1.4 miles of dream exist in a
one square mile watershed, (b) a 100t buffer
exists on each sde of the channel and (c) that each
gde of the buffer serves the maximum limit of 150
ft of contributing pervious area, we would be able
to directly treat about 50 ac total of perviousarea.
This acreage represents only 8% of the

total drainage area to the stream (or 13% if we
include the areaiin the stream buffer) Thisimplies
that the runoff from the remaining 87% of the
total drainage areawill be delivered to the stream
in one of three ways.

G inan open channd
G within an enclosed scormdrain pipe, or
G adgabilized outfal channd from aBMP

In each case, the channd or pipe will cross the
sream buffer before it dischargesinto the steam
(Fg. 24) In addition, some kind of structura
BMP will dill be needed to providewater quality
control for the runoff beforeit reachesthe stream.

FIGURE 24: THE ENTRY OF STORMWATER RUNOFF INTO THE URBAN STREAM BUFFER NETWORK
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The four basic options for providing stormwater
quality control include:

G dormwater ponds
G ghdlow wetlands
G infiltration practices
G filtering systems

Each practice must be fully integrated within the
stream buffer sysem in order to maximize
trestment efficiency and ensure that the largest
possible contributing drainage area is captured.

Urban Vegetative Treatment Systems

Under some circumstances, an urban stream
buffer can be employed as a vegetative filter to
treat the quality of sormwater runoff. Indeed, a
wide variety of vegetative filters have been used
for this purpose. While each of thesefiltersrelies
on the use of vegetation to dow runoff velocity
and filter out pollutants, not dl of them are
comparable. Consequently, their desgn and
pollutant remova performance are often quite
different. The differences are often amplified by
the diverse and conflicting terminology used to
describe urban vegetative filter sysems (Table
27).

TABLE 27: SOME STANDARDIZATION OF URBAN VEGETATIVE FILTERING SYSTEMS

F Open Channel Systems Filter Strip Systems Buffer Systems
I
L
T
E
R
F shallow flow occursthrough a grassfilter that accepts primarily used to protect
L designed open channel, sheetflow from adjacent areas, stream, but can act as afilter
0 concentrated outflow no concentrated under restricted
outflow conditions

W
T swale (wet or dry) filter strip forest buffer
E grass channel vegetated filter strip stream buffer
R grassswale grassfilter strip riparian filter

bioswale grass buffer buffer strip
M biofilter bioretention area urban buffer treatment
S bioretention swale
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For example, asmany as 15 different nameshave
been given to these practices, and these are often
used interchangesbly. In redlity, however, most
vegetative filters can be grouped in one of three
generd categories.

Open Channels. designed to filter out pollutants
in stormwater as they are conveyed through an
open, grassy channel. Sometimes known as
swales, the channel conveys sormwater runoff
across the stream buffer and discharges directly
into the stream. From a pollutant remova
standpoint, there arefour basic design optionsfor
the open channel, which are described in detail in

Chapter 6 (Page 157).

Filter strips: designed as a grass filter that

accepts sheetflow from impervious or pervious

areas to pretreat it before it is delivered to a
stream buffer or downstream BMP. As noted

before, urban filter strips can treat runoff over a
relatively short distance (usualy 75 to 150 fest).

Some design guidance for urban filter strips can
be found on page 116.

Forested buffers: primarily desgned to protect
dreams, foret areas may provide some
treatment of stormwater runoff from nearby
pervious or impervious areas but thisis only a
secondary benefit. In most cases, stormwater
runoff from upland areas crosses the forested
stream buffer in the form of an open channel or
an enclosed storm drain. The pollutant remova
benefit of stream buffers can be more significant
in low-relief coastal areas, where groundwater
interaction is srong.

Performance of urban vegetative practices:
Our current knowledge about the pollutant
removal capability of each of thethree categories
of urban vegetative practices is summarized in
Table 28, and is described below:

Open Channels. the performance of grassed
open channels has been reasonably well studied
in a wide number of environments around the
country. The sudies indicate that grassed
channds have a high cgpability to reduce
sediment, hydrocarbon and metds in most
gtuations (>50%). However, their ability to
remove phosphorus and nitrogen is much more
limted and unrelidble, with removd rates
averaging only 10 to 50%. Grassed channds
have shown little capability to reduce bacteria,
chloridesor nitrate, with zero or negativeremova
rates frequently reported.

Filter strips: only one study has assessed the
capability of a grass filter gtrip to treat urban
sormwater runoff. Yu et a. (1992) reported
moderate to high removal ratesfor a150-t sirip
that treated runoff from a large parking lot, but
mediocre performance in a shorter, 75—t Strip.

Stream buffers: at the present time, there is no
performance data on the effectiveness of forest
Stream buffers to treat urban scormwater runoff.
Some indication of their potentid effectiveness
can be inferred from the performance of forest
and grass buffers from agricultura aress.
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TABLE 28: M EASURED POLLUTANT REMOVAL CAPABILITY OF SELECTED URBANVEGETATEDFILTERS

BMP System TSS TP TN Zinc Lead

GrassChannel (1) | 83 29 (neg) * 63 67

GrassChannel (2) | 81 17 40 69 50

Grass Channel  (2) | 87 83 84 0 0

GrassChannel (3) | 65 41 >20. 49 a7

Grass Channel  (3) | 98 18 >50 81 81

GrassChannel (4 | 72 54 ND 74 ND

Filter Strip-75'_(5) 4 (-25) (-27)* 47 (-16)

Filter Strip- 150'(5) 34 40 (-20)* 55 50

MEAN NON 6) |73 56 63 - -

URBAN

MEAN URBAN 78 32 25 66 53
*nitrate-N

only

REFERENCES

(1) Seattle METRO 1992 (2) Harper 1988 (3) Dorman et al. 1989

(4) Yuetal.1993 (5 Yuetal. 1992 (6) Desbonette et al. 1994

While grass channels generally are reported to have a high capability to remove sediment, their ability to remove
nutrients varies substantially, often due to soil, slope and other factors.

The moderateto high pollutant remova observed
in rural and agricultural buffers
appearsto be dueto thereatively dow transport
of pollutants across the buffer in sheet flow or
shdlow groundwater flow. In ether case, the
relatively dow movement of

water gives soil, rootsand microbesmoretimeto
trap or remove pollutants. Desbonnet et 4.
(1994) recently reviewed over 35 monitoring
studies that investigated the pollutant remova
performance of rurd and agricultura buffers(Fg.
25).
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FIGURE 25: SURFACE POLLUTANT REMOVAL IN AGRICULTURAL FILTER STRIPS
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Although considerable variation was observed
among the studies, severa performance trends
emerged:

G Buffers were generdly cgpable of removing
75% of the suspended sediment ddlivered to
them in surface runoff, even when the grass
buffer was as narrow as 25 ft.

G Removd of nitrogen and phosphorus in
surface runoff seldom exceeded 50 or 60%,
even in widest buffers monitored. Further
increases in nutrient remova required that
buffers extend 300 to 600 ft long, a rather
impracticd length.

G Removd of nutrients in subsurface or
groundwater flow was very inconssent.
Under ided dte conditions—poorly drained
and organic rich soils, degp root systemsand
groundwater flow withintwo to Sx feet of the
surface—buffers exhibited exceptional
remova of nitrate— nitrogen—often 90% or
more. When such conditions exist, buffers
can be very useful in reducing the nitrogen
effluent from rura septic sysems.

Ingenerad, most researchers consder agricultural
buffersto be a ussful BMP, but only when they
are combined with other practices(Magetteet d.
1989). It is dso widdly recognized that many
agricultura buffers fail to perform as designed
after they are ingdled in the fidd (Dillaha et d.
1989). Fedd surveys indicate that many
agriculturd buffers lack good vegetative cover,
are subject to excessve sediment deposition, or
are short—circuited by channds formed by
concentrated flow.

Summary: Potential Pollutant Removal

Capability of Urban Stream Buffers.

On the basis of performance data from related
vegetative sysems, it is possble to estimate the
pollutant remova capability of an urban stream
buffer (i.e., explicitly desgnedtotreat sormwater
udng the design procedure outlined in Buffer
Criteria 7). The hybrid of the grass drip in the
outer zone and the forested buffer in the middle
and streamdsde zone hasthepotential to achieve
the following removdl rates:

< Sediment 75%
< Tota Nitrogen 40%
< Tota Phosphorus 50%
< Trace Meas 60 to 70%
< Hydrocarbons 75%

The ability of a paticular buffer to actudly
achieve these rates depends on many
gte-specific factors that are outlined in Jordan
(1995). Thedesgn procedure outlinedin Criteria
7 is intended to redtrict the use of the stream
buffers for sormwater treatment only to those
conditions where site-specific factors assure
reliable pollutant remova (Table 29).
PerformanceCriteriafor Urban Stream
Buffers

The ability of a paticular buffer to redize its
many benefits depends to alarge degree on how
wdl it is planned, desgned, and maintained. Ten
practica performance criteria are offered to
govern how a buffer is szed, managed, and
crossed and how it is to
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TABLE 29: SITE FACTORSTHAT ENHANCE OR DETRACT FROM POLLUTANT REMOVAL PERFORMANCE

IN URBAN VEGETATIVE FILTERING SYSTEMS

Factorsthat enhance performance

Factorsthat reduce performance

Slopes | ess than 5%

Slopes greater than 5%

Contributing flow lengths < 150 ft.

Overland flow paths over 300 feet

Water table close to surface

Groundwater far below surface

Check dams/level spreaders

Contact times less than 5 minutes

Permeable, but not sandy soils

Compacted soils

Growing season

Non—growing season

Long length of buffer or swale

Bufferslessthan 10 feet

Organic matter, humus or mulch layer

Snowmelt conditions, ice cover

Small runoff events

Runoff events > 2 year event

Entry runoff velocity lessthan 1.5 fps

Entry runoff velocity more than 5 fps

Swales that are routinely mowed

Sediment buildup at top of swale

Poorly—drained soils, deep roots

Trees with shallow root systems

Dense grass cover, six inchestall

Tall grass, sparse vegetative cover

handle sormwater. The key criteriainclude:

1. Minimum totd buffer width

2. Three-zone buffer system

3. Mature forest as avegetative target

4. Conditionsfor buffer expangon or

contraction

5. Physca delineation requirements

6. Conditions where the buffer can be
crossed

7. Integrating sormwater and BMPs within

the buffer

8. Buffer limit review

9. Buffer education, ingpection, and

enforcement
10. Buffer flexibility

Criteria 1. Minimum total buffer width.

Most locd buffer criteria condst of a single
requirement-that the buffer be a fixed and
uniform width from the stream channdl. Urban
stream buffers range from 20 to 200 ft in width
oneach sde of the stream according to anationa
survey of 36 locd buffer programs, withamedian
of 100 ft (Heraty 1993). Mog jurisdictions
arived a ther buffer width requirement by
borrowing other state and locd criteria, local
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experience, and, findly, through politicd
compromise during the buffer adoption process.
Most communities require that buffers to fully
incorporated| landswithinthe 100-yr floodplain,
and others may extend the buffer to pick up
adjacent wetlands, steep dopesor critica habitat
aress.

In generd, a minimum base width of at least 100
feet isrecommended to provide adequate stream
protection. In most regions of the country, this
requirement trandates to a buffer that is perhaps
three to five mature trees wide on each sde of
the channd.

Criteria 2. Three—zone buffer system. Effective
urbanstream buffersdividesthetota buffer width
intothreelateral zones—streamsde-middlezone
and outer zone. Each zone performs a different
function, and has a different width, vegetative
target and management scheme, as shown in
Figure 26 and described below:

The str eamside zone protectsthephysica and
ecologicd integrity of the sream ecosystem. The
vegetative target ismatureriparian forest that can
provide shade, lesf litter, woody debris and
erosion protection for the stream. The minimum
widthis 25 ft from each stream bank—about the
distance of one or two mature trees from the
streambank.

FIGURE 26: THE THREE—ZONE URBAN STREAM BUFFER SYSTEM

FIGLRE 26: THE THREE—ZONE URDBAN STHEAM BUFFER SYSTEM
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Land use is highly redricted—limited to
stormwater channels, footpaths, and afew utility
or roadway crossings.

The middle zone extends from the outward
boundary of the streamside zone, and varies in
width, depending on stream order, the extent of
the 100—yr floodplain, adjacent steep dopesand
protected wetland areas. Itskey functionsareto
protect key components of the stream and
provide further distance between upland
development and the stream. The vegetative
target for thiszoneisa so mature forest, but some
cleaing may be dlowed for sStormwater
management, access, and recreational uses. A
wider range of activities and uses are dlowed
within this zone, e.g., recreation, bike paths, and
sormwater BMPs. The minimum width of the
middle zone is about 50 ft, but it may be
expanded based on stream order, slope or the
presence of critical habitats.

The outer zone is the buffer's buffer, an
additional 25 ft setback from the outward edge of
the middle zone to the nearest permanent
dructure. In most ingtances, it is a resdentia
backyard. The vegetative target for the outer
zoneisusudly turf or lawn, dthough the property
owner is encouraged to plant trees and shrubs,
and thus increase the total width of the buffer.
Very few usesarerestricted in this zone. Indeed,
gardening, compost piles, yard wastes, and other
commonresdentia activitiesare promoted within
the zone. The only mgor redrictions are no
septic systems cover, permanent structures, or
impervious cover.

Criteria 3. Pre-development vegetative
target.

The ultimate vegetative target for the streamside
and middle zone of mogt urban stream buffers
should be specified as the pre-development
riparian plant community— usualy maturefores.
Notable exceptionsinclude prairie sreams of the
midwest, or arroyos of the arid West, that may
have a grass or shrub cover in the riparian zone.
In generd, the vegetative target should be based
on the naturd vegetative community present in
the floodplain, as determined from reference
riparian zones. Turfgrassis alowed for the outer
core of the buffer andismandatory if thebuffer is
used as a stormwater treatment system (see
Criteria7).

A vegetaive target has severd management
implications. Firg, if the streamside zone does not
currently meet its vegetative target, it should be
managed to ultimately achieve it. For example, a
grassy area should be allowed to grow into a
forest over time. In some cases, active
reforestation may be necessary to speed up the
successional process. Second, avegetativetarget
implies that the buffer will contain mosily netive
species adapted to the floodplain. Thus,
non-native or invasve tree, shrub and vine
speci es should be avoided when revegetating the
buffer. Remova of exotic shrubsand vines (eg.,
mutiflora rose or honey suckle) that are so
prevdent dong the buffer edge should be
encouraged.

Criteria 4. Buffer expansion and contraction.
Many communities require that the minimum
width of the buffer be expanded under certain
conditions. Thus, while the sreamside and outer
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zones of the buffer are fixed, the width of the
middle zone may vary. Specificdly, the average
width of the middle zone can expanded to
include:

Q thefull extent of the 100-yr floodplain

Q dl undevelopable steep dSlopes (grester
than 25%)

Q four additiond ft of buffer for each one
percent increment of dope above 5%

Q aw adjacent delinested wetlands or

critical habitats

The middle zone also expandsto protect streams
of higher order or qudity in a downstream
direction (Fig. 27). For example, thewidth of the
midde zone may increase from 50 ft (for first—
and second-order

streams) to 75 ft (for third— and fourth—order
streams) and as much as 100 ft for fifth— or
higher order streamd/rivers. The width of the
buffer can also be contracted in some
crcumgtances to accommodate unusua or
historical development patterns, shdlow lots,
stream crossings, or stormwater ponds (see
Criteria 10).

Criteria 5. Buffer delineation. Three key
decisons must be made when ddinegting the
boundaries of a buffer. At what mapping scae
will streams be defined? Where does the stream
begin and the buffer end? And from what point
should the inner edge of the buffer be measured?

FIGURE 27: EXPANSIONS TO THE WIDTH OF URBAN STREAM BUTFERS
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The mapping unit: the traditional mapping scae
used to define the stream network are the
bludines present on USGS 7.5 minute
quadrangle maps (1 inch=2,000 feet (Fig. 28)).
It should be kept in mind that bludinesare only a
first gpproximation for delineating streams, asthis
scde does not adways reved dl first order
perennia streams or intermittent channels in the
landscape, or precisdy mark the trandtion
between the two (MOPS 1993 and Leopold et
d. 1964). Consequently, the actua location of
the stream channel can only be confirmed in the
fidd.

The origin of a first order stream is dways a
metter of contention. As a practicd rule, the
origin of the stream can be defined as the point
where an intermittent Stream forms a

FIGURE 28: USGS 7.5 MINUTE QUADRANGLE MAP
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digtinct channd, asindicated by the presence of
anunvegetated streambed and high water marks.
Other regions define the origin of astream asthe
upper limit of running water during the wettest
season of the year.

Problems have frequently been reported in
gtuaions where the stream network has been
extensvely modified by prior agricultura drainage
practices, such as ditching.

The inner edge of the buffer can be defined
from the centerline of amdl fird— or
second—order sreams. The accuracy of this
method is questionable in higher order streams
with wider channds. Thus, the inner edge of the
buffer is measured from the top of each
streambank for third and higher order streams.

Bluelines found on the U.S. Geological Survey’'s 7.5 minute quad maps provide the initial basis for delineating
streams—but-final-delineation- eften-requires tield-contrmatiopr——Mm™ ™ ™ M—Mmm  ———Mm@8M ——— ——
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Criteria 6. Buffer crossings. Two mgor gods
of a dream buffer network are to maintain an
unbroken corridor of riparian forest and maintain
the upstream and downstream passage of fish in
the stream channel. From a practica standpoint,
it isnot ways possible to try to meet both gods
everywhere dong the stream buffer network.
Some provison must bemadefor linear formsof
development that must cross the stream or the
buffer (Fig. 29), such asroads, bridges, fairways,
underground utilities, enclosed storm drains or
outfd! channds

It is Hill possble to minimize the impact to the
continuity of the buffer network and fish passage.
Performance criteria should specificaly describe
the conditions under which the stream or its
buffers can be crossed. Some performance
criteria could include:

Crossing width: minimum width right of way to
alow for maintenance access.

Crossing angle: direct right anglesare preferred
over oblique crossng angles, since they require
less clearing of the buffer.

Crossing frequency: only one road crossing is
alowed within each subdivison, and no more
than one fairway crossing is alowed for every
1,000 ft of buffer.

Crossing elevation: dl direct outfdl channds
should discharge at the invert devation of the
sream. Underground utility and pipe crossings
should be located at least three feet below the
streaminvert, so that future channd erosion does
not expose them, creating unintentiona fish

barriers. All roadway crossngs and culverts
should be capable of passing the ultimate 100-yr
flood event. Bridges should be used in lieu of
culverts when crossings require a 72 inch or
greater diameter pipe. The use of corrugated
meta pipe for small stream crossings should be
avoided, as these often tend to create fish
barriers. Theuse of dab, arch or box culvertsare
much better aternatives. Where possible, the
culvert should be* bottomless’ to ensure passage
of water during dry weather periods (i.e, the
natural channel bottom should not be hardened or
otherwise encased).

Criteria 7. Stormwater runoff. Buffers can be
an important component of the stormwater
treetment system a a development Ste. They
cannot, however, treat al the sormwater runoff
generated within awatershed (generdly, abuffer
system can only treat runoff from less than 10%
of the contributing watershed to the stream).
Therefore, somekind of structural BMP must be
ingdled to treat the quantity and qudity and
stormwater runoff from the remaining 90% of the
watershed. More often than not, the most
desrable location for stormwater practices is
within or adjacent to the stream buffer. The
folowing guidance is recommended for
integrating sormwater BMPs into the buffer:

a. The use of buffers for sormwater treatment.
The outer and middle zone of the stream buffer
may be used as a combination grassforest filter
grip under very limited circumstances (Fig. 30).
For example:

The buffer cannot treat more than 75 ft of
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FIGURE 29: (’ROSSING THE STREAM BUFFER
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Two major goals of a stream buffer are to maintain an unbroken riparian corridor and to allow for fish passage.
Therefore the conditions underwhich the buffer can-becrossed-sheuld-beclearhaidot—————— —————
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FIGURE 30: DESIGN CRITERIA FOR USING A STREAM BUFFER FOR STORMWATER TREATMENT
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Under some conditions, the stream buffer can be used to treat the quality of stormwater runoff fromadjacent pervious

and impervious areas.

overland flow from impervious areas and 150 ft
of pervious areas (backyards or rooftop runoff
discharged tothebackyard). Thedesigner should
compute the maximum runoff velocity for boththe
gx—monthand two-year sormdesignsfromeach
contributing overland flow path, based on the
dope, soil, and vegetative cover present. If the
computation indicates that velocities will be
erosve under either condition (greater than 3 fps
for 6-mo storm, 5 fps for 2—yr storm), the
alowable length of contributing flow should be
reduced.

When the buffer receives flow directly from an
impervious area, thedesigner should includecurb

cuts or spacers so that runoff can be spread
evenly over thefilter rip. The filter strip should
be located 3 to 6 inches below the pavement
surface to prevent sediment deposits from
blocking inflow to the filter strip. A narrow stone
layer at the pavement’ s edge often workswell to
protect the strip from eroding.

The stream buffer can only be accepted as a
sormwater filtering system if basic maintenance
can be assured, such as routine mowing of the
grass filter, and annua scraping and removad of
sediments that build up a the edge of the
impervious area and the grass filter. The
exigence of an enforceable maintenance
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agreement that allows for public maintenance
ingpection isdso helpful.

b. Locaing sormwater ponds and wetlands in
the buffer. A particulaly difficult management
issue involves where stormwater ponds and
wetlands be located in relation to the buffer?
Should they be located inside or outside of the
buffer? If they are dlowed within the buffer,
where exactly should they be put? Some of the
possible options are outlined in Table 30 and
Figure 31.

A number of good arguments can be made for
locating ponds and wetlands within the buffer or
on the stream itsdlf. Congtructing ponds on

or near thestream, for example, affordstreatment
of the greatest possible drainage area treated at
a topographic point that makes construction
easer and cheaper. Second, ponds and wetlands
require the dry weather flow of a stream to
maintan water levels and prevent nuisance
conditions. Lastly, ponds and wetlands add a
greater diverdaty of habitat types and structure,
and can add to the tota buffer width in some
Cases.

On the other hand, locating apond or wetland in
the buffer can create environmenta problems,
induding the localized clearing of trees, the
sacrifice of stream channels above the BMP, the
cregtion of a barier to fish migration,
modification of exiging wetlands, and stream
warming. Locating ponds and wetlandsin buffers
will dways be a bdancing act. Given the
effectiveness of sormwater ponds and wetlands
in removing pollutants, it is generdly not
advisable to completely prohibit their use within
the buffer. It does make sense, however, to
choose pond and wetland sStes carefully. In this
respect, it is useful to condder posshble
performance criteriathat restrict the use of ponds
or wetlands to:

G a maximum contributing area (e.g., 100
acres), or

G thefirst 500 feet of perennid stream channd,
or

G dearingof thestreamsdebuffer zoneonly for
the outflow channd (if the pondisdischarging
from the middle zone into the Sream)

TABLE 30: OPTIONSFOR LOCATING STORMWATER BMPSWITHIN THE STREAM BUFFER ZONE

L ocation of the Stormwater BM P

Preferred Stormwater BMP to Use

=

outside of the buffer system

infiltration, sand filters, pocket ponds and wetlands

upper end of the buffer zone

Stormwater pond or wetland

in the outer core

filters, infiltration

off-line pond or wetland

2
3
4. inthemiddle core
5

in the conveyance system

biofilters, grassed swales

6. theouter core and middle zone

vegetated buffer treatment system

The preferred BMP option depends on where stormwater treatment is allowed within the stream buffer.
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FIGURE 31: OPTIONSFOR LOCATING STORMWATER PRACTICESIN THE BUFFER
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A range of options are available for locating stormwater practices within the stream buffer. Ponds or wetlands can
be located only on (a) intermittent streams, (b) in the upper 300 feet of perennial streams, (c) off-line, (d) regional
ponds or (e) laterally within the buffer. Alternatively, other BMPs can belocated outside of the buffer; although their
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G doffHine locations within the middle or outer
zone of the buffer, or

G use pondsonly to manage stcormwater quantity
within the buffer.

Criteria 8. Buffers during plan review and
construction. The limits and uses of stream
buffer syslems should bewel | defined during each
stage of the development process—from initial
plan review through congtruction. The following
geps are helpful during the planning stage:

G require that the buffer be ddineated on
preliminary and final concept plans

G veify the sream ddinegtion in the fidd

G check that buffer expansons are computed
and mapped properly

G check auitability of buffer for stormwater
treatment

G ensure that the other BMPs are properly
integrated in the buffer

G examine any buffer crossngs for problems

Stream buffers are vulnerable to disturbance
during construction. Steps to prevent
encroachment during this stage include:

G mak buffer limits on dl plans used during
congruction (i.e, clearing and grading
plans, and eroson and sediment control
plans)

G conduct a preconstruction stakeout of
buffers to define limit of disturbance

G mak the limit of disurbance with Sit or
snow fence barriers, and signs to prevent
the entry of congruction equipment and
stockpiling

G familiaize contractors with the limit of

disurbance during a preconstruction
walk-through.

Criteria 9. Buffer education and enforcement.
The future integrity of a buffer system requires a
strong education and enforcement program. Two
primary gods of a buffer are to make the buffer
“vighleg’ to the community, and to encourage
greater buffer awareness and stewardship among
adjacent residents. Several Smple stepsthat can
accomplish these godsinclude:

G mark the buffer boundaries with permanent
sgnsthat describe dlowable uses

G educate buffer owners about the benefitsand
uses of the buffer with pamphlets,
sreamwalks and meetingswith homeowners
associations

G ensure that new owners are fully informed
about buffer limits'useswhen  property is
sold or transferred.

G engage reddents in a buffer sewardship
program that includes reforestation and
backyard “ bufferscaping” programs

G conduct annual bufferwalks to check on
encroachment

The underlying theme of education is that most
encroachment problems reflect ignorance rather
than contempt for the buffer sysem. The
awareness and education measures are intended
to increase the recognition of the buffer within the
community. Not al resdents, however, will
respond to this effort, and some kind of limited
enforcement progran may be necessary
(Schueer 1994). Thisusudly involves a series of
correction notices and gte vigts, with avil fines
used as a lagt resort if compliance is not
forthcoming. Some buffer ordinances have a
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further enforcement option, whereby thefull cost
of buffer restoration is charged as a property lien
(Schueler 1994). A fair and full appeals process
should accompany any suchenforcement action.

Criteria 10. Buffer flexibility. In mogt regions
of the country, a hundred foot buffer will take
about 5% of the totd land area in any given
watershed out of production. While this
condtitutes a relaively modest land reserve at the
watershed scale, it can be a Sgnificant hardship
for alandowner whose property is adjacent to a
dream. Many communities are legitimady
concerned that stream buffer requirements could
represent an uncompensated taking of priveate
property. These concerns can be diminated if a
community incorporates several Smple measures
to ensure farmess and flexibility when
adminigering its buffer program. As a generd
rule, theintent of the buffer program isto modify
the location of development in relation to the
streambut not itsoverdl intensity. Someflexible
measures in the buffer ordinance include:

Maintaining buffers in private ownership.
Buffer ordinances that retain property in private
ownership generally are considered by the courts
to avoid the takings issue, as buffers provide
compdling public safety, wefare and the
envirormental benefits to the community that
judtify partia regtrictionsonland use. Most buffer
programs meet the “rough proportiondity” test
recently advanced by the Supreme Court for
local land use regulation (Hornbach 1993).
Indeed stream buffers are generaly perceived to
have a neutrd or positive impact on adjacent
property vdue. The key point is that the
reservation of the buffer cannot take away al

economically beneficid usefor the property. Four
techniques—buffer averaging, density
compensdtion, variances and conservation
easements—canensurethat property ownersare
fully inoculated from this rare occurrence.

Buffer averaging. In this scheme, a community
provides someflexibility inthewidth of the buffer.
The basic concept is to permit the buffer to
become narrower a some points dong the
stream (e.g., to allow for an existing structure or
to recover a lost lot), as long as the average
width of the buffr meets the minimum
requirement (Fig. 32). In gened, buffer
narrowing is limited, such that the streamside
zoneis not disturbed, and no new structures are
alowed within the 100—yr floodplain (if thisis a
greater distance).

Density compensation. This scheme grants a
developer a credit for additiona densty
esawhere on the dte, in compensation for
developable land that has been lost due to the
buffer requirement. Developable land is defined
as the portion of buffer area remaining after the
100-yr floodplain, wetland, and steep dope
areas have been subtracted. Credits are granted
when more than 5% of developable land is
consumed, using the formula shown in Table 31.
The dendity credit is accommodated at the
development Site by dlowing gregter flexibility in
setbacks, frontage distances or
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FIGURE 32: STREAM BUFFER DELINEATION: AVERAGING IN THE MIDDLE ZONE
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Under buffer averaging, the width of the buffer can vary from point to point, aslong asthe average width in the parcel
meets the local criteria. The streamside zone, however, should not be encroached on.

TABLE 31: DENSITY COMPENSATION FORMULA FOR STREAM BUFFERS

. _ *  Additional dwelling units allowed over
Percent of SiteL ost to Dengty based density (1.0)
Buffers Credit (*)
1t0 10 % 1.0 ** Density credit may be transferred to a
different parcel
11to0 20% 11
21 to 30% 1.2
31to 40% 13
41 to 50% 1.4
51 to 60% 15
61 to 70% 1.6
71 to 80% 1.7 _ _ )
This density compensation formula, loosely adapted
81 to 90% 1.8 fromBurns (1992), is based on the premise that the
91 t0 99% 19 purpose of a buffer is to maintain distance from the
=to 2 - stream, and not to reduce allowabl e density.
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minmum lot Szes to squeeze in “log lots”
Cluster development also alowsthe devel oper to
recover lots that are taken out of production due
to buffers and other requirements (cf Chapter 4).

Variances. The buffer ordinance should have
provisons that enable a existing property owner
to be granted a variance or waiver, if the owner
can demonstrate severe economic hardship or
unique circumgtances make it impossibleto meet
some or al of the buffer requirements. The owner
should dso have access to an adminidrative
appedls process should arequest for a variance
be denied.

Conservation Easements. Landowners should
be afforded the option of protecting their portion
of the buffer in a perpetuad conservation
easement. Theeasement conditionstheuse of the
buffer, and can be donated to a land trust as a
chariteble contribution that can reduce an
owner's income tax burden. Alternatively, an
easement can be donated to aloca government,
in exchange for a reduction or eimination of
property tax on the parcel.

Resour cesNeededfor | mplementation

To implement a stream buffer program, a
community will need to adopt an ordinance,
develop technicd criteria, and invest in additiond
gaff resources and training.

The buffer ordinance should contain the ten
performance criteria described previoudy. A
suggested checklist for the ordinance can be

found in Table 32.

The real costs of indituting a buffer program for
local government involve the extra gaff and
traning time to conduct plan reviews, provide
technical assistance, field delineation,
condruction and ongoing buffer education
programs. Seventy percent of the governments
surveyed by Heraty (1993) indicated that their
daff expended no more than 10% more time to
review buffers. In most cases, these economies
were achieved by combining plan review and
ingpection functions with exiging environmental
desgnrequirements. However, it should be noted
that many of these programsdid not contain al of
the performance criteria recommended in this
chapter, so that the stated costs are probably on
the low sde (i.e., many respondents did not
devote dtaff resources to delineate stream
boundariesin the fidd).

The adoption of a buffer program aso requires
aninvesment intraining for the plan reviewer and
the consultant aike. Manuds, workshops,
seminars and direct technical assstance are
needed to explain the new requirementsto dl the
playersin the land development business.

Lastly, very few loca communities yet recognize
the critical importance of buffer maintenance to
the longterm success of their program. A
rddivdy smdl gaff commitment (often just one
individudl) to systemdtically inspect the buffer
network before and after construction, and to
work with their resdentsto incresseand maintain
awareness about buffers, can be an excdlent
investment in loca stream protection.
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TABLE 32: CHECKLIST FOR ADOPTING A STREAM BUFFER ORDINANCE

Providing Authority for the Stream Buffer

G Isit structured to comprehensively address all stream protection elements?
G Doesit contain clear and simple performance standards?

G Doesit utilize practical operating definitions and mapping units?

G Doestheit support and unify the existing development review process?

Setting an Appropriate Threshold for Development

G Doesit clearly define the activities that congtitute “ devel opment?”’

G Doesit set forth reasonable exemptions?

G Doesit contain provisions for waivers (and waiver fees) if a stream buffers are
not feasible at the site?

Providing Funding Support for Program Administration
G Doesit authorize the collection of plan review/inspection and other fees?
G Areinitia operating funds committed to support review staff?

Reducing Potential for Future Conflict in Plan Review

G Doesit require delineation of all resource protection areas before concept plans are
considered?

G Doesit specify the nature of submittal requirements for plan review?

G Doesit contain a defined time—table for plan review action?

G Doesit alow for buffer averaging and/or density compensation?

Ensuring Compliance
G Doesit contain arapid and unified enforcement process?
G Doesit require the posting of performance bonds?

Avoiding Legal Landmines

Doesit contain afair and timely appeals procedure?

Does it address grandfathering of recorded plats?

Does it make allowances for special or unusua developments?
Doesit contain a severability clause?

Are variances included?

Aretechnical criteria adequately supported and referenced?

OOOOOO

Many communities focus on technical criteria when crafting a stream buffer ordinance. As this checklist indicates,
successful buffer programsal so emphasizeinstitutional, review and enfor cement aspects (adapted from Schueler 1994)
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